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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a structure for supporting an oscillating 
gyro capable of reducing temperature drrfts In the oscillating gyro and to obtain a 
supporting method for obtaining such a supporting structure. 
SOLUTION: An oscillating gyro 10 includes rectangular solid-shaped 
piezoelectric substrates 14a and 14b joined together and an oscillator 12 in 
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which electrodes 16, 18, and 20 are formed on the opposite side surfaces of the 
piezoelectric substrates 14a and 14b. Supporting members 22a and 22b are 
mounted to the electrode 20 at parts corresponding to the two nodal points of the 
bending oscillations of the oscillator 12. The supporting members 22a and 22b 
are adhered to the electrode 20 by a conductive adhesive 24 in such a way as to 
be distanced from the electrode 20 at a predetermined interval. For this, the 
conductive adhesive 24 Is printed on the electrode 20, and a surface In parallel 
with the electrode 20 Is formed on the conductive adhesive 24 to create a 
supporting part. The supporting members 22a and 22b are arranged on the 
surface of the supporting part and are fixed to the supporting part by the 
conductive adhesive 24. By this, the supporting members 22a and 22b are 
mounted on the oscillator 12. 
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CLAIMS 



[Claim(s)] 

[Claim 1J It is the supporting structure of an oscillating gyroscope which detects 
the angular rate of rotation using crookedness vibration of the trembler with 
which the electrode was formed In the side face. In the part corresponding to [ In 
order to support said vibrator, have the supporter material prolonged crosswise / 
of said vibrator /, and ] the node point of crookedness vibration of said vibrator 
The supporting structure of the oscillating gyroscope which said electrode and 
said supporter material of a side face of said vibrator separate fixed spacing, and 
Is characterized by said supporter material fixing to said electrode with 
electroconductive glue. 

[Claim 2) Said supporter material is the supporting structure of the oscillating 
gyroscope according to claim 1 which fixes to said electrode formed in said 
electrode or opposite side face formed in one side face of said vibrator. 
[Claim 3] The degree of hardness of said electroconductive glue is the supporting 
structure of the oscillating gyroscope according to claim 1 or 2 which Is pencil 
degree-of-hardness B-6H. 

[Claim 4] The manner of support of the oscillating gyroscope which includes the 
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process which fixes said supporter material to said supporter with the process 
which prints electroconductlve glue to said electrode formed in the side face of 
said vibrator In the part corresponding to the node point of the vibrator which 
carries out croolcedness vibration, the process which forms In said 
electroconductlve glue the field which serves as fixed spacing from said 
electrode, and form a supporter, the process which arrange supporter material on 
said field fomied in said supporter, and electroconductlve glue. 



[Translation done.] 
* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

IThis document has been translated by computer. So the translation may not 

reflect the original precisely. 

2.**** shows the word which can not be translated. 

3.ln the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the supporting structure and the 
manner of support of an oscillating gyroscope for supporting the oscillating 
gyroscope used for hand deflection prevention of a camera, a car-navigation 
system, etc. especially about the supporting structure and the manner of support 
of an oscillating gyroscope, for example. 

[0002] 

[Description of the Prior Art] Drawing 8 is the perspective view showing the 
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oscillating gyroscope which used the conventional supporting structure, and 
drawing 9 Is the sectional view. The oscillating gyroscope 1 contains vibrator 2. 
Vibrator 2 is formed by joining two piezo electric crystal substrates 3a and 3b. As 
an arrow head shows to drawing 9 , polarization of these plezo electric crystal 
substrates 3a and 3b of each other is carried out in the thickness direction of the 
reverse sense. 

[0003] The divided electrodes 4a and 4b are formed in the lateral surface of one 
piezo electric crystal substrate 3a. These electrodes 4a and 4b are divided into 
two crosswise I of the side face of piezo electric crystal substrate 3a ], and they 
are fornried so that it may extend in the longitudinal direction of piezo electric 
crystal substrate 3a. Furthermore, another electrode 5 Is fomned all over the 
lateral surface of plezo electric crystal substrate 3b of another side. Vibrator 2 is 
supported by the supporter material 6 in the field in which the electrode 5 was 
formed. The supporter material 6 is fomied with a metal wire etc. This supporter 
material 6 is bent and height 6a is fomied. This height 6a is contacted to an 
electrode 5 In the part corresponding to two node points of vibrator 2. And the 
supporter material 6 fixes to the electrode 6 of vibrator 2 with the elastic 
adheslves 7 containing silicon resin. 

[0004] With this oscillating gyroscope 1, a driving signal is impressed between 
Electrodes 4a and 4b and an electrode 5. Since polarization of the two piezo 
electric crystal substrates 3a and 3b of each other is can-ied out to the reverse 
sense, the trembler 2 has bimorph structure and they carry out crookedness 
vibration at the sense to which electrode 4a. 4b fonming face and electrode 5 
fonnlng face, and a trembler 2 cross at right angles with a drivihg signal. At this 
time, vibrator 2 carries out crookedness vibration from the both ends of that 
longitudinal direction a core [ two node points which are inside for a while ]. From 
Electrodes 4a and 4b, while vibrator 2 is carrying out crookedness vibration in 
such a direction, since the same signal Is outputted, if the difference of these 
signals is taken, two output signals will be offset and it will be set to 0. 
[0005] If vibrator 2 rotates the shaft of vibrator 2 as a core in the condition of 
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carrying out crookedness vibration, Coriolis force will work to the sense which 
Intersects perpendiculariy with the sense of crookedness vibration of vibrator 2. 
Therefore, the direction of crookedness vibration of vibrator 2 changes, and the 
output signal of Electrodes 4a and 4b changes. That is, If the output signal from 
one electrode 4a Increases corresponding to Coriolis force, the output signal 
from electrode 4b of another side will decrease corresponding to Coriolis force. 
Therefore, if the difference of the output signal from these electrodes 4a and 4b 
is taken, only the signal corresponding to Coriolis force can be acquired. Thus, 
the angular rate of rotation which joined the oscillating gyroscope 1 is detectable 
by measuring the difference of the output signal of Electrodes 4a and 4b. 
[00061 

[Problem(s) to be Solved by the Invention] However, in the supporting structure 
of such an oscillating gyroscope, since the height of supporter material was 
contacted on the side face of vibrator and it has fixed with elastic adhesives. It is 
difficult for vibrator to tend to incline to supporter material and to make spacing of 
vibrator and supporter material regularity. Therefore, vibration of vibrator is 
dumped by supporter material and this causes a temperature drift by it Moreover, 
through supporter material, the leakage in oscillating of vibrator occurs and this 
also causes a temperature drift. 

[0007] So, the main purpose of this invention is offering the supporting structure 
of the oscillating gyroscope which can make a temperature drift small. Moreover, 
the purpose of this invention is offering the manner of support for obtaining the 
supporting structure of the oscillating gyroscope which can make a temperature 
drift small. 
[0008] 

[Means for Solving the Problem] This invention is the supporting stmcture of an 
oscillating gyroscope which detects the angular rate of rotation using 
crookedness vibration of the trembler with which the electrode was fonned in the 
side face. In the part corresponding to [ in order to support vibrator, have the 
supporter material prolonged crosswise / of vibrator/, and ] the node point of 



02/21/20B6 15:25 7836371499 



KEATING & BENNETT 



PAGE 23/35 



crookedness vibration of vibrator It is the supporting structure of tlie oscillating 
gyroscope which the electrode and supporter material of a side face of vibrator 
separate fixed spacing, and is characterized by supporter material fixing to an 
electrode with electroconductive glue. In the supporting structure of such an 
oscillating gyroscope, supporter material can be fixed to the electrode formed in 
the electrode or opposite side face formed in one side face of vibrator. Moreover, 
as for the degree of hardness of electroconductive glue, it is desirable that it is 
pencil degree-of-hardness B-6H. Furthermore, the process which this invention is 
formed in the side face of vibrator in the part corresponding to the node point of 
the vibrator which carries out crookedness vibration, and prints electroconductive 
glue to an electrode, It is the manner of support of the oscillating gyroscope 
which includes the process which fixes supporter material to a supporter with the 
process which forms in electroconductive glue the field which serves as fixed 
spacing from an electrode, and forms a supporter, the process which arranges 
supporter material on the field fomied in the supporter, and electroconductive 
glue. 

[0009] Since the electrode and supporter material which were fomried in the side 
face of vibrator separate fixed spacing and are anranged, vibration of vibrator Is 
hard to be dumped and a temperature drift can be suppressed. Moreover, since 
supporter material has fixed to vibrator through electroconductive glue and does 
not touch direct vibrator, the leakage in oscillating from supporter material can be 
suppressed. Furthermore, the effectiveness which controls a temperature drift is 
high by making the degree of hardness of electroconductive glue into the range 
of B-6H by the pencil degree of hardness. In order to obtain the supporting 
structure of such an oscillating gyroscope, first, electroconductive glue Is printed 
by the side face of vibrator, this electroconductive glue Is processed, and the 
supporter which has the field which serves as fixed spacing from the electrode of 
the side face of vibrator is fomied. This field can be formed with a sufficient 
precision using a dicer etc. Therefore, while the location precision of supporter 
material becomes good and can fix supporter material at fixed spacing from an 
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electrode by arranging supporter material to the field of this supporter, arid fixing 
with electroconductive glue, it can support in the location near the node point of 
vibrator. 

[0010] The above-mentioned purpose of this invention, the other purposes, the 
description, and an advantage will become still clearer from the detailed 
explanation of the following examples given with reference to a drawing. 
[0011] 

[Embodiment of the Invention] Drawing 1 is the perspective view showing an 
example of an oscillating gyroscope which used the supporting structure of this 
Invention, and drawing 2 is that sectional view. The oscillating gyroscope 10 
contains vibrator 12. Vibrator 12 contains 1st rectangular parallelepiped-like 
piezo electric crystal substrate 14a and 2nd piezo electric crystal substrate 14b. 
As these piezo electric crystal substrates 14a and 14b, they are a piezo-electric 
ceramic, and LiNb03 and LiTa03, for example. A single crystal etc. is used. And 
1st piezo electric crystal substrate 14a and 2nd piezo electric crystal substrate 
14b are joined. As an arrow head shows to drawing 2 , polarization of 1st piezo 
electric crystal substrate 14a and the 2nd piezo electric crystal substrate 14b is 
mutually carried out in the thickness direction of the reverse sense. Therefore, a 
trembler 12 serves as bimorph structure. 

[0012] Two electrodes 16 and 18 are fomied in the lateral surface of 1st piezo 
electric crystal substrate 14a. Two ****s of these electrodes 16 and 18 are carried 
out crosswise [ of 1st piezo electric crystal substrate 14a ], and they are formed 
so that it may extend in the longitudinal direction of 1st piezo electric crystal 
substrate 14a. Furthennore, another electrode 20 is formed all over the lateral 
surface of 2nd piezo electric crystal substrate 14b. What is necessary is for a 
dicing cut etc. Just to cut a laminated circuit board, after forming a slot in the 
electrode which joined two large piezo electric crystal substrates with the epoxy 
resin etc., formed the laminated circuit board, formed the electrode in both sides 
of a laminated circuit board, and was fonried on one piezo electric crystal 
substrate at the predetermined spacing in order to produce such vibrator 12 for 
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example. 

[0013] The supporter material 22a and 22b of the shape of a straight line formed 
with the metal wire etc. is attached in electrode 20 forming face. In the part 
corresponding to two node points of vibrator 12, as the supporter material 22a 
and 22b is prolonged crosswise [ of vibrator 12 ], it is pasted up on an electrode 
20 with electroconductive glue 24. At this time, the supporter material 22a and 
22b is attached so that spacing of vibrator 12 and the supporter material 22a and 
22b may become fixed. 

[0014] In order to produce this oscillating gyroscope 10, in the part corresponding 
to two node points of vibrator 12, electroconductive glue is printed on an 
electrode 20. After this electroconductive glue hardens, as shown in drawing 3 , 
slot 26a which includes a field parallel to an electrode 20 in the hardened 
electroconductive glue is formed using a dicer etc., and a supporter 26 is formed. 
Thus, in the supporter material 26, since slot 26a is parallel to the lateral surface 
of an electrode 20 and parallel 12, i.e., vibrator, spacing of slot 26a and vibrator 
12 becomes fixed. And as shown In di'awing 4 R> 4, the supporter material 22 is 
arranged at slot 26a of this supporter 26, and the supporter material 22 and a 
supporter 26 fix with electroconductive glue. 

[0015] In order to use this oscillating gyroscope 10, as shown in drawing 5 , 
resistance 30 and 32 is connected to the electrodes 16 and 18 fonmed on 1st 
piezo electric crystal substrate 14a. An oscillator circuit 34 is connected among 
these resistance 30 and 32 and electrodes 20. The signal with which an oscillator 
circuit 34 is outputted from an electrode 20 including an amplifying circuit and 
phase compensator retums to an oscillator circuit 34. And the level and the 
phase of a signal which returned are adjusted by an amplifying circuit and phase 
compensator, and electrodes 16 and 18 are given. 
[0016] Moreover, electrodes 16 and 18 are connected to the input edge of a 
differential circuit 36. The outgoing end of a differential circuit 36 is connected to 
the synchronous-detection circuit 38. In the synchronous-detection circuit 38, the 
output signal of a differential circuit 36 is detected, for example synchronizing 
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with the signal of an oscillator circuit 34. The synchronous-detection circuit 38 is 
connected to a smoothing circuit 40, and a smoothing circuit 40 is further 
connected to the direct-cunrent-ampllflcation circuit 42. 
[001 7J The self-excKation drive of this oscillating gyroscope 10 Is carried out by 
the oscillator circuit 34. Since a trembler 12 is bimorph structure at this time, 
when 1st piezo electric crystal substrate 14a is prolonged in the sense which is 
parallel to that principal plane, 2nd piezo electric crystal substrate 14b is 
shrunken by the sense which is parallel to that principal plane. On the contrary, 
when 1st piezo electric crystal substrate 14a is shrunken by the sense which is 
parallel to the principal plane, 2nd piezo electric crystal substrate 14b is 
prolonged In the sense which is parallel to the principal plane. Therefore, vibrator 
12 carries out crookedness vibration at the sense which intersects 
perpendicularly with an electrode 16, 18 forming faces, and electrode 20 forming 
face. 

[0018] When the angular rate of rotation has not joined the oscillating gyroscope 
10. the vibrational state of an electrode 16 and 18 formation parts is the same, 
and it is **. Therefore, the signal outputted from electrodes 16 and 18 Is the same, 
and since each other Is offset In a differential circuit 36, a signal is not outputted 
from a differential circuit 36. If the shaft of vibrator 12 Is rotated as a core, 
Coriolis force will work to the sense of crookedness vibration, and the sense 
which intersects perpendicularly. The sense of crookedness vibration of vibrator 
12 changes by this Coriolis force. Therefore, a difference arises In the vibrational 
state of an electrode 16 and 18 fomiation parts, and a difference arises to the 
signal outputted from electrodes 16 and 18. For example, when the signal 
outputted from an electrode 16 becomes large, the signal outputted from an 
electrode 18 becomes small. On the contrary, when the signal outputted from an 
electrode 16 becomes small, the signal outputted from an electrode 18 becomes 
large. Therefore, the difference of the output signal of two electrodes 16 and 18 
is acquired from a differential circuit 36. Change of the output signal of electrodes 
16 and 18 is equivalent to change of the sense of crookedness vibration of 
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Vibrator 12, i.e., Coriolis force. Therefore, from a differential circuit 36, the signai 
of the level corresponding to Coriolis force is outputted. 
[0019] The output signal of a differential circuit 36 is detected in the synchronous- 
detection circuit 38 synchronizing with the signal of an oscillator circuit 34. At this 
time, the signal which reversed a part for a part for the positive part of the output 
signal of a differential circuit 36 and a negative part and one of positive/negative 
is detected. Smooth [ of the signal detected in the synchronous-detection circuit 
38 ] Is carried out In a smoothing circuit 40, and it Is amplified further In the dlrect- 
current-ampllfication circuit 42. Therefore, the angular rate of rotation which 
joined the oscillating gyroscope 10 is detectable by measuring the output signal 
of the direct-cun-ent-ampllflcation circuit 42. 

[0020] When the sense of the angular rate of rotation is reverse, change of the 
sense of crookedness vibration of vibrator 12 also becomes reverse, and change 
of the output signal of electrodes 16 and 18 becomes reverse. Therefore, the 
signal outputted from a differential circuit 36 serves as ah opposite phase, and 
the signal detected in the synchronous-detection circuit 38 also serves as 
reversed polarity. Therefore, the polarity of the output signal from the dlrect- 
current-amplificatlon circuit 42 also becomes reverse. Therefore, the direction of 
the angular rate of rotation is detectable from the polarity of the output signal of 
the direct-current-amplification circuit 42. 

[0021] With this oscillating gyroscope 10, since the supporter material 22a and 
22b Is attached in vibrator 12 with the supporter 26 formed with electroconductlve 
glue 24 and spacing of vibrator 12 and the supporter material 22a and 22b is 
kept constant, crookedness vibration of vibrator 12 cannot be easily dumped by 
the supporter material 22a and 22b. Therefore, the temperature drift of the 
oscillating gyroscope 10 can be made small. Especially, when the degree of 
hardness of electroconductlve glue 24 was within the limits which is pencil 
degree-of-hardness B-6H, it tumed out that this effectiveness is high. As an 
example of an experiment, the relation between the degree of hardness of 
electroconductlve glue 24 and a drift was investigated, and the result was shown 
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in drawing 6 . As drawing 6 shows, it turns out that the degree of hardness of a 
drift of electroconductive glue 24 is as small as 20 (deg/sec) among pencil 
degree-of-hardness B-6H. 

[0022] Moreover, since the supporter material 22a and 22b is attached In vibrator 
12 through the supporter 26 formed with electroconductive glue 24 and the 
supporter material 22a and 22b does not touch the direct vibrator 12. vibration of 
vibrator 12 is a pile to the leakage from the supporter material 22a and 22b. 
Therefore, the temperature drift of the oscillating gyroscope 10 can be made 
small. 

[0023] In addition, supporter material may be attached not only in one side face 
of vibrator 12 but in the both-sides side which counters. In this case, as shown in 
drawing 7 four supporter material 22a, 22b, 22c. and 22d is attached. Here, if 
the adjoining electrodes 16 and 18 short-circuit by the supporter material 22c and 
22d, since the function as an oscillating gyroscope cannot be demonstrated, 
each of electrodes 16 and 18 is divided in the location con*esponding to the node 
point of vibrator 12, and the supporter material 22c and 22d is attached In the 
electrode sections 16a and 18a formed in the part corresponding to a node point. 
In this case, what is necessary is to form a supporter in electrode sections 16a 
and 18a with electroconductive glue, to form in a supporter the field which 
becomes parallel to electrodes 16 and 18, and just to attach the supporter 
material 22c and 22d in this field. And a signal can be outputted by connecting to 
electrode section 16b of the center section of the electrode 16 the extension 
prolonged from supporter material 22c, and connecting the extension prolonged 
from supporter material 22d in electrode section 18b of the center section of the 
electrode 18 and inputted to electrodes 16 and 18 through the supporter material 
22c and 22d. In addition, the supporter material [ 22c and 22d J connection 
structure shown in drawing 7 Is an example, and as long as it is structure which 
the supporter material 22c and 22d is connected to electrodes 16 and 18, 
respectively, and electrodes 16 and 18 do not short-circuit, it may adopt other 
connection structures. 
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[0024] In addition, that the part corresponding to two node points of vibrator 12 is 
alil^e, respectively, and at least one should just be attached, supporter material 
may form the supporter material 22a and 22b in two parts by the side of the 
electrode 20 of vibrator 12, and may form supporter material [ 22c or 22d ] either 
In an electrode 16 and one part by the side of 18. Furthermore, in the electrode 
20 side of vibrator 12, supporter material 22a may be fornied in the part 
corresponding to one node point, and supporter material 22d may be formed in 
the part con-esponding to the node point of another side in an electrode 16 side 
and 18 sides. Of course, in the opposite side face of vibrator 12, It cannot be 
overemphasized that the supporter material 22b and 22c may be formed. 
[0025] Supporter material can be used as an object for I/O of a signal, without 
using lead wire by fonning supporter material with electrical conducting materials, 
such as a metal wire. When attaching supporter material in all the electrodes 16. 
18, and 20 especially, it is not necessary to use lead wire etc. at all. and the 
effect of the tension of lead wire etc. can be removed. Therefore, there is no 
effect of lead wire and a temperature drift can obtain the small oscillating 
gyroscope 10 with which it has a good property. 
[0026] 

[Effect of the Invention] Since according to this invention vibrator and the 
supporter material prolonged crosswise [ that ] separate fixed spacing and is 
arranged, vibration of vibrator cannot be easily dumped by supporter material. 
Moreover, since supporter material does not touch direct vibrator, vibration of 
vibrator minds supporter material, and it is a pile to leakage. From these things, 
the temperature drift of an oscillating gyroscope can be made small. This 
effectiveness can be enlarged by making the degree of hardness of 
electroconductive glue into the range of pencil degree-of-hardness B-6H 
especially. Moreover, in the location conresponding to the node point of vibrator, 
the precision of the location of supporter material can be improved by forming the 
supporter which has a field parallel to the electrode beforehand fomied in the 
side face of vibrator, and arranging supporter material to this field. Therefore, 
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spacing between supporter material and an electrode can be made regularity, 
moreover, a trembler can be supported In the part near the node point of a 
trembler, and the temperature drift of an oscillating gyroscope can be made small. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the perspective view showing an example of the oscillating 
gyroscope using the supporting structure of this invention. 
[Drawing 2] It Is the sectional view of the oscillating gyroscope shown in drawing 
1 . 

[Drawing 3J In order to produce the oscillating gyroscope shown In drawing 1 , it 
is the perspective view showing the condition of having formed the supporter in 
vibrator. 

[Drawing 4] It Is the Illustration Fig, showing the condition of having an-anged 
supporter material to the supporter shown in drawing 3 . 
[Drawing 5J It is the block diagram showing the circuit for using the oscillating 
gyroscope shown In drawing 1 . 

[Drawing 6] It is the graph which shows the relation between the degree of 



02/21/2006 15:25 7036371499 



KEATING & BENNETT 



PAGE 31/35 



hardness of the electroconductive glue for fixing supporter material, and a drift. 

[Drawing 7] It is the perspective view showing other examples of the supporting 

structure of the oscillating gyroscope of this invention. 

[Drawing 8] It is the perspective view showing an example of the oscillating 

gyroscope using the conventional supporting structure. 

[Drawing 9) It is the sectional view of the oscillating gyroscope shown in drawing 

8 . 

[Description of Notations] 
10 Oscillating Gyroscope 
12 Vibrator 

14a The 1st plezo electric crystal substrate 
14b The 2nd piezo electric crystal substrate 
16 Electrode 
18 Electrode 
20 Electrode 

22a-22d Supporter material 
24 Electroconductive Glue 
26 Supporter 
26a Slot 
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